Background Dexamethasone is a potent analgesic and antiemetic. However, the benefit of dexamethasone after TKA is unclear, as is the efficacy in a current multimodal regime. Questions/purposes We determined (1) whether the addition of dexamethasone to a protocol including ramosetron further reduces postoperative emesis compared with ramosetron alone; (2) whether it reduces postoperative pain; and (3) whether it increases the risk for wound complications in a current multimodal regime after TKA. Methods We randomized 269 patients undergoing TKAs to receive dexamethasone (10 mg) 1 hour before surgery and ramosetron immediately after surgery (Dexa-Ra group, n = 135), or ramosetron alone (Ra group, n = 134). We recorded the incidence of postoperative nausea and vomiting (PONV), severity of nausea, incidence of antiemetic requirement, complete response, pain level, and opioid consumption. Patients were assessed 0 to 6, 6 to 24, 24 to 48, and 48 to 72 hours postoperatively. In addition, patients were evaluated for wound complications and periprosthetic joint infections at a minimum of 1 year after surgery. Results The Dexa-Ra group had a lower incidence of PONV during the entire 72-hour evaluation period and experienced less severe nausea for the first 6 hours after TKA, although not between 6 to 72 hours.
Introduction
A TKA is one of the most efficacious surgical treatments for advanced knee arthritis [6, 7, 14] . During the past decade, the number of TKAs performed has increased substantially, and future demand is projected to rise rapidly [26, 31, 35] . However, as a TKA involves extensive bone resection and soft tissue manipulation, patients can experience severe pain during the early postoperative period [13, 42, [47] [48] [49] . Furthermore, many patients experience postoperative nausea and vomiting (PONV) after TKA, owing to not only anesthesia and surgery but also the various agents used for pain control [8, 10, 20, 27] . Inadequate management of postoperative pain and PONV can lead to several systemic complications and delays recovery [13, 16, 34, 48] . Moreover, pain and PONV are strongly associated with patient dissatisfaction [11, 32, 39, 41, 43] . Although management of pain and PONV after TKA is of paramount importance, no gold standard protocols for reducing pain and PONV have been developed, and their management remains a challenging issue for patients and healthcare providers.
Corticosteroids have potent antiinflammatory and antiemetic effects and have been widely used in various perioperative settings such as abdominal, cardiac, ear-nosethroat, gynecologic, and plastic surgery for reducing postoperative pain and PONV [9, 19, 21, 22, 46] . Previous studies have found that perioperative use of single, lowdose corticosteroids significantly decreased inflammatory markers after TKA [23, 24, 49] . However, despite the potential benefits and reported efficacy in numerous surgical procedures, only a few small studies involving less than 25 patients per group evaluated the efficacy and safety of corticosteroids after TKA [15, 24, 38, 40] . Moreover, heterogeneity among studies regarding type, dosage, and administration protocol of corticosteroids and concomitant pain control regime make it difficult to judge the practical value of corticosteroid use after TKA. In addition, concerns regarding increased risk for infection have hampered the widespread use of corticosteroids in multimodal regimens for pain and PONV after TKA. Therefore, although the results of corticosteroid use after TKA seem promising, additional evidence based on prospective studies with sufficient power are required to determine its benefit.
In a previous study, we found a significant decrease in the incidence and severity of PONV during the 6-to 24hour period in patients treated using a multimodal pain and PONV protocol that included ramosetron, a 5-hydroxytryptamine type 3 (5-HT3) receptor antagonist, and prophylaxis [27] . However, although the pain and emesis relief provided by this regimen were superior to that of traditional measures, a substantial proportion of patients experienced PONV during the first 6 hours. Furthermore, although it is documented that prophylaxis with concurrent dexamethasone and 5-HT3 antagonist provides a superior antiemetic effect compared with a 5-HT3 antagonist alone [21, 22] , to our knowledge, no previous study has examined the antiemetic efficacy of concurrent dexamethasone and ramosetron after TKA.
Thus, we sought to determine (1) whether the addition of prophylactic single, low-dose dexamethasone to a protocol including ramosetron further reduced PONV compared with ramosetron alone; (2) whether preemptive use of dexamethasone provided additional analgesic effect; and (3) whether dexamethasone increased the risk for wound complications in patients managed using a multimodal regimen that included ramosetron prophylaxis after TKA.
Patients and Methods
We randomized 269 patients undergoing TKAs between February and December 2011 to receive either intravenous dexamethasone (dexamethasone; Yuhan, Seoul, Korea) once 1 hour before surgery with intravenous ramosetron (Nasea, Astellas, Tokyo, Japan) once immediately after surgery (Dexa-Ra group; as the experimental group, n = 135) or intravenous ramosetron alone once immediately after surgery (Ra group; the control group, n = 134). Eligible patients included those 18 years or older who were scheduled for unilateral TKA for primary osteoarthritis. Exclusion criteria included a history of intolerance or allergy to any drug used in the current study; severe impairment of bowel motility; administration of another antiemetic drug or systemic steroid 24 hours before surgery; history of cardiovascular or respiratory disease, or alcohol or opioid dependence; and impairment of renal or hepatic function. Furthermore, patients were excluded if regional anesthesia was contraindicated, spinal anesthesia failed, or the femoral nerve block and/or intravenous patient-controlled analgesia (PCA) was discontinued before the planned schedule. Patients who declined to participate in the trial or who were unable to provide informed consent were excluded. A computer-generated randomization table permuted into blocks of four and six was used to randomly assign patients to either the Dexa-Ra group or Ra group. One of the authors (JHL) who was not involved in patient recruitment for this trial telephoned a surgeon for allocation assignments 1 week before surgery. The patients and an independent investigator who prospectively collected the clinical information were unaware of group assignments until the final data analyses were completed. A total of 146 patients initially were allocated to the Dexa-Ra group and 145 were assigned to the Ra group. We excluded 11 patients from each group according to the defined exclusion criteria. Thus 269 patients (Dexa-Ra, 135; Ra, 134) were included in the final analysis ( Fig. 1 ). We found no differences in demographic characteristics or number of PONV risk factors between the groups ( Table 1 ). The study protocol was approved by our institutional review board and registered at ClinicalTrials.gov (NCT01612702).
We performed an a priori power analysis based on the results of a previous study showing a PONV incidence of 42% in 60 patients who received ramosetron prophylaxis alone during a 48-hour study period [27] . We calculated that 238 patients (119 in each group) were required to detect a 50% reduction in the incidence of PONV at an alpha level of 0.05 and a power of 90% using a two-sided test. To allow for exclusions and dropouts, we enrolled 291 patients in the current trial.
All surgeries were performed by one of two surgeons (TKK and CBC) using the standard medial parapatellar arthrotomy with a tourniquet. A posteriorly stabilized prosthesis (Genesis II; Smith & Nephew, Memphis, TN, USA) was implanted in all patients. The patella was resurfaced, and cement fixation was used for all components in all cases.
All patients received the same anesthetic and multimodal regimen to manage pain and PONV, with the exception that only the Dexa-Ra group received 10 mg intravenous dexamethasone 1 hour before surgery. One hour before surgery, multimodal oral analgesic drugs (10 mg sustained-release oxycodone, 200 mg celecoxib, 75 mg pregabalin, and 650 mg acetaminophen) were administered for preemptive analgesia on a call basis. All patients received 1.0 g cefazolin as antimicrobial prophylaxis, were premedicated using midazolam (0.03 mg/kg) before induction, and received continuous femoral nerve block (0.2% ropivacaine solution at 5 mL/hour). Spinal anesthesia using 0.5% bupivacaine was administered by one of two anesthesiologists. Anesthesia was maintained with propofol (target blood concentration, 0.8-1.5 lg/mL) using a target-controlled device (Orchestra; Fresenius Kabi, Bad Homburg, Germany), and O 2 was delivered at 5 L/minute (FiO 2 0.4) through a partial rebreathing mask bag. After all prostheses had been fixed with cement, all patients received periarticular injections of a multimodal drug cocktail comprising 300 mg ropivacaine, 10 mg morphine sulfate, 30 mg ketorolac, 300 lg of 1:1000 epinephrine, and 750 mg cefuroxime [29] . At the end of surgery, 0.3 mg ramosetron was administered intravenously to all patients. Postoperatively, all patients received intravenous PCA, which was programmed to deliver 1 mL of a 100-mL solution containing 2000 lg fentanyl for patients 70 years or younger, or 1500 lg for patients older than 70 years when patients depressed a button. There was a 10-minute lockout period without basal flow. When patients resumed oral intake, 200 mg celecoxib, 75 mg pregabalin, and 650 mg acetaminophen were administered every 12 hours. An intramuscular injection of ketoprofen (100 mg) was used as an acute analgesic when a patient reported severe pain greater than level 6 on a 0 to 10 VAS. The continuous femoral nerve block and intravenous PCA typically were discontinued on the third and fourth postoperative days, respectively, or sooner if the intravenous PCA pump had been emptied. Continuous femoral nerve block and intravenous PCA were maintained throughout the entire study in all patients. An intravenous injection of metoclopramide (10 mg) was used as a first-line antiemetic rescue treatment when patients experienced two or more episodes of PONV or had severe nausea ([ 4 on a 0-10 VAS). If severe nausea persisted after administration of two consecutive boluses of metoclopramide in a 30-minute interval, 4 mg of ondansetron was administered intravenously as the second-line treatment.
A clinical investigator (YGK) who was blind to the group assignments reviewed the diagnosis and medical histories, and prospectively collected demographic data. Risk factors for PONV were assessed using predesigned datasheets according to the recommendations of the consensus guidelines for management of PONV [4, 18] . Risk factors and calculated mean risks for PONV were evaluated using the simplified risk scoring system devised by Apfel et al. [3] . This scoring system includes four risk factors: female gender, history of PONV or motion sickness, nonsmoking status, and the use of postoperative opioids. The predicted incidences of PONV given the presence of one, two, three, or four of these risk factors are 21%, 39%, 61%, and 78%, respectively [2, 3] .
The primary outcome variable was incidence of PONV and the secondary outcome variables were severity of nausea, rescue antiemetic requirement and complete response, pain level, amount of opioid consumption, and incidence of wound complications. A blinded investigator (YGK) recorded all episodes of nausea and vomiting, severity of nausea, rescue antiemetic requirement, and complete response during four postoperative periods (0-6 hours, 6-24 hours, 24-48 hours, and 48-72 hours) to evaluate the antiemetic efficacy. Nausea was defined as a subjective unpleasant sensation associated with awareness of the urge to vomit, and vomiting as the forceful expulsion of gastric contents from the mouth [51] . Before surgery, a blinded investigator (YGK) instructed all patients to mark their level of perceived symptom intensity on the VAS on the predesigned data sheet. The incidence of nausea and vomiting was determined for each of the four periods and during the entire study by calculating the proportion of patients who experienced PONV. The severity of nausea was assessed by patients using a 0 to 10 VAS, where 0 corresponded to no nausea and 10 corresponded to the worst imaginable nausea during each of the four study periods. Complete response to an administered rescue antiemetic was defined as no additional episodes of PONV, with no need for another rescue antiemetic [33] . Pain level and amount of opioid consumption (determined using the intravenous PCA pump) were recorded to evaluate the analgesic effect. Pain levels during the four periods were estimated using a VAS that ranged from 0 (no pain) to 10 (worst imaginable pain) during each of the four study periods. Opioid (fentanyl) consumption was recorded for each of the four periods and summed to obtain consumption during the entire72-hour study period.
Wound complications including periprosthetic joint infection and inadequate wound healing (including delayed wound healing or wound dehiscence) were evaluated by one of two surgeons (TKK and CBC) at 2 weeks, 6 weeks, 3 months, 6 months, and 1 year after surgery at followups. Periprosthetic joint infection was diagnosed using the criteria outlined by the Musculoskeletal Infection Society [44] .
We compared the primary and secondary outcomes between the Dexa-Ra and Ra groups. Chi-square or Fisher's exact tests were used to determine the statistical significance of differences in the categorical variables, namely sex, presence of PONV risk factors, incidence of PONV, requirements for rescue antiemetics, proportion of complete responses, and incidence of wound complications. Continuous variables were analyzed with Student's t-test (age, height, weight, BMI, duration of surgery, and calculated mean risk) or the Wilcoxon signed-rank test (VAS pain scores and opioid consumption). The variables subjected to multiple between-group comparisons included the incidence of PONV, severity of nausea, requirement for rescue antiemetics, proportion of complete responses, VAS pain scores, and amount of opioid consumption; these variables were analyzed using repeated-measures ANOVA, followed by the Bonferroni corrected post hoc test. Statistical analyses were conducted using the Statistical Package for the Social Sciences for Windows version 17 (SPSS Inc, Chicago, IL, USA).
Results
Prophylactic use of concurrent dexamethasone and ramosetron reduced the overall incidence of PONV, rescue antiemetic requirement, and improved the overall complete response during the entire 72-hour evaluation period and reduced the severity of nausea during the first 6-hours. During the whole evaluation period, the incidences of postoperative nausea (24% versus 40%; p = 0.004) and vomiting (7% versus 21%; p = 0.001) ( Table 2) were lower in the Dexa-Ra group, and fewer patients in the Dexa-Ra group required rescue antiemetics (17% versus 35%; p = 0.001). More patients in the Dexa-Ra group had a complete response compared with the Ra group (76% versus 60%; p = 0.006) ( Table 3 ). In addition, the severity of nausea was lower in the Dexa-Ra than in the Ra group during the first 6 hours (1.6 versus 2.6; p \ 0.001) (Fig. 2) . No between-group differences in incidence of PONV or nausea severity were found during the 6-to 72-hour period.
Preemptive use of dexamethasone reduced postoperative pain and opioid consumption during the 6-to 24-hour period and reduced overall opioid consumption during the entire 72-hour period. The mean VAS pain score (2.4 versus 4.0; p \ 0.001) ( Fig. 3) and opioid consumption during the 6-to 24-hour period (73.5 versus 128.3 lg; p \ 0.001) (Fig. 4A) , and overall opioid consumption (406.2 versus 500.1 lg; p = 0.004) (Fig. 4B) were lower in the Dexa-Ra group compared with the Ra group. However, no between-group differences were observed during the whole study period (p [ 0.1 for all comparisons), except during the 6-to 24hour postoperative period (pain VAS and opioid consumption during the 6-to 24-hour period in the Dexa-Ra group The use of dexamethasone did not increase the risk for wound complications or infections. Each group had one patient who had a periprosthetic joint infection develop (Dexa-Ra group, 0.7% versus Ra group, 0.7%; p [ 0.1). There was no difference in the incidence of wound complications between the two groups. The Dexa-Ra group had two patients with inadequate wound healing and the Ra group had three (Dexa-Ra group, 1.5% versus Ra group, 2.2%; p [ 0.1) during the first year after TKA. The two patients who had periprosthetic joint infections were treated with débridement, polyethylene component exchange, and antibiotics; at 1 year, the infections had not recurred. All patients in both groups who had inadequate wound healing were treated successfully with conservative management. A power analysis for comparison of wound complication incidence showed that this study (3% in Ra group) had 80% power to detect the difference at a 10% increase of wound complication incidence at an alpha level of 0.05 using a two-sided test. There was no differential loss to followup between groups; eight patients from the Dexa-Ra group (5.9%) and six from the Ra group (4.8%) were unable to return for followup at 1 year (p [ 0.1). All patients who did not return for followup at 1 year were contacted by telephone to assess for the presence of periprosthetic joint infection.
Discussion
Given well-documented analgesic and antiemetic effects, corticosteroids have been widely used in various perioperative settings. However, whether incorporation of single, low-dose dexamethasone in a current multimodal regimen to manage pain and PONV after TKA provides additional clinical benefit remains unclear because there is limited evidence from prospective studies with sufficient power to support its utility. We therefore determined (1) whether the addition of prophylactic single, low-dose dexamethasone further reduced PONV; (2) whether preemptive use of dexamethasone provided additional analgesia; and (3) whether dexamethasone increased the risk for wound complications in patients managed using a multimodal regimen that included ramosetron prophylaxis after TKA.
Our study has several limitations. First, our study participants all were Korean and most were women (88%). Thus, our findings may not be widely generalizable because female gender is a well-established risk factor for PONV [3, 17, 18] , and pain may be manifested differently in various ethnic populations [12] . Second, our postoperative analgesic and antiemetic regimen included extensive multimodal pain control drugs and modalities such as preemptive analgesic medication, femoral nerve block, periarticular injection and intravenous PCA and ramosetron, a recently developed potent, long-acting 5-HT3 antagonist. It is important to take this into account when considering our results in the context of other multimodal regimens after TKA. We felt we needed to use a multimodal regimen for ethical reasons related to patient comfort after surgery. We suspect, but cannot prove, that the synergistic benefits we observed likely would be similar with other similarly designed multimodal protocols that, like ours, address inflammatory responses as a main goal of the treatment approach. Third, 14 of 269 patients (5.2%) could not complete the 1-year followup visit (eight patients from the Dexa-Ra group [5.9%] and six patients from Ra group [4.5%]). However, all of them completed the 6-month followup visit and all were contacted by telephone to assess the presence of a periprosthetic joint infection at 1 year after TKA. Fourth, despite the numerous potential side effects associated with corticosteroids [22, 45, 46] , we assessed only the incidence of postoperative wound complications because they are the most serious complication associated with TKA. Although previous studies using higher doses of corticosteroids reported no increase in other potential side effects [22, 46] , additional study is necessary to investigate potential side effects of corticosteroid use after TKA. Finally, this study had limited power to detect a subtle difference in postoperative wound complications because the sample size of the study was determined based on the primary efficacy outcome, that is, the incidence of PONV. A power analysis for comparison of the incidence of wound complications showed this study would have only 33% power to detect the difference at a 5% wound complication incidence at an alpha level of 0.05 using a two-sided test. More large prospective series are needed to ascertain whether corticosteroid use is associated with increased risks for wound complications in patients undergoing TKA.
Our study suggests that the antiemetic efficacy provided by concurrent dexamethasone and ramosetron prophylaxis is superior to ramosetron alone. Our results showed that prophylaxis with dexamethasone and ramosetron was more effective than ramosetron alone in decreasing the incidence and severity of PONV, the rescue antiemetic requirement, and in obtaining a higher complete response during the first 6 hours and during the entire 72-hour study period. Our findings concur with those of previous studies showing the superior antiemetic effect of concurrent dexamethasone and 5-HT3 antagonist to the 5-HT3 antagonist alone [21, 22] , but no previous study has investigated the antiemetic efficacy of concomitant dexamethasone and ramosetron after TKA. Two previous studies reported that ramosetron monoprophylaxis after TKA provided a limited antiemetic effect during the 2-to 48-hour or 6-to 48-hour period compared with ondansetron or no prophylaxis [20, 27] . Our findings, together with those of previous studies, suggest that prophylaxis with concomitant dexamethasone and ramosetron has a potent antiemetic effect on early PONV which is not provided by ramosetron alone. Meanwhile, our findings also indicate that ramosetron alone reduced PONV effectively during the 6-to 72-hour period after TKA in patients who are at high risk for PONV (Table 1 ). Therefore, although concurrent dexamethasone and ramosetron prophylaxis did not show superior antiemetic efficacy during the 6-to 72-hour period compared with ramosetron alone, our findings suggest concurrent dexamethasone and ramosetron prophylaxis is effective in reducing PONV during the 72-hour period after TKA in patients who are at high risk for PONV.
Our findings support the hypothesis that the pain relief and opioid-sparing effect are enhanced by the addition of preemptive dexamethasone to the multimodal analgesic regimen. Patients who received dexamethasone experienced lower pain and consumed less opioid during the 6-to 24-hour postoperative period compared with patients who received ramosetron alone. These findings agree with those of two recent studies that showed that 125 mg of methylprednisolone reduced resting pain for 2 to 48 hours and reduced opioid consumption for the first 24 hours in 24 patients who had unilateral TKA [38] , and that 300 mg hydrocortisone reduced postoperative pain and epidural medication for the first 24 hours in 17 patients who had bilateral TKAs concurrently treated with a multimodal analgesic regimen [24] (Table 4 ). Our results and those of previous studies [24, 38] suggest that incorporation of corticosteroids in a multimodal analgesic regimen provides synergistic analgesia and opioid-sparing effects. We noted that pain occurring between 6 and 24 hours after surgery may be breakthrough pain from local anesthetics included in the periarticular injection. A temporary increase in pain during 12 to 24 hours after surgery has been observed with multimodal regimens that involve periarticular injection, regardless of the surgery type or concomitant analgesic regimen [27] [28] [29] [30] 37] .We believe the addition of dexamethasone to the current multimodal analgesic regimen after TKA may have potent analgesic effects in combating breakthrough pain caused by components of the multimodal regimen.
Our results indicate that prophylactic use of dexamethasone does not increase the risks for wound complications after TKA. The incidence of postoperative wound no differences in wound complications PONV = postoperative nausea and vomiting; vs = versus; PCA = patient-controlled analgesia; Percocet (Endo Pharmaceuticals, Malvern, PA, US). complications within 1 year was similar between the Dexa-Ra and Ra groups. Our findings agree with those of previous small series [15, 36, 38, 40] and reviews of numerous perioperative settings [19, 21, 22, 46] that found no association between corticosteroid use and increased risk for postoperative wound infection. Furthermore, studies using higher corticosteroid doses than that used in our study showed no increase in postoperative wound infection after major orthopaedic surgeries [1, 5, 19, 25, 46] . The rate of periprosthetic joint infections after primary TKA at our institute was 0.6% (8/1323 patients) between 2006 and 2009 [50] , and we have maintained the same operating room environment, surgical scrub, skin preparation, and antibiotic prophylactic protocol since 2003. Although our study had limited power to detect clinical significance, the incidence of periprosthetic joint infections in our study participants was comparable to those at our institute. Nevertheless, the evidence supporting the safety of corticosteroids regarding wound infection risk after TKA is inconclusive, and more research is needed to clarify the potential association between postoperative wound infection and corticosteroid use. Concomitant use of dexamethasone further reduces postoperative pain and PONV after TKA without increased risks for wound complications in patients managed using a multimodal pain and PONV regimen. We propose incorporating concomitant use of single, low-dose dexamethasone in a current multimodal regime after TKA because it is a simple, effective, and inexpensive intervention that is not associated with any apparent increased risk of infection or wound complications, although this last issue should be confirmed in larger multicenter trials or meta-analyses of randomized trials.
